We have carried out first-principles calculations on electronic properties of graphene quantum dots embedded in hexagonal boron nitride monolayer sheets. The calculations with density functional theory show that the band gaps of quantum dots are determined by the quantum confinement effects and the hybridization of π orbitals from B, N and C atoms. The energy states near the Fermi level are found to be strongly localized within and in the vicinity of the quantum dots.
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a) Electronic mail: vivek shenoy@brown.edu Graphene has attracted a great deal of interest since it was exfoliated from bulk graphite. 1, 2 Because graphene has a number of unusual properties such as massless fermions and high carrier mobility, graphene materials are expected to play an important role in fundamental research and in future electronic device applications. 
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In the present letter, we report the first-principles calculations on the graphene QDs with h-BN sheets as host materials. Our results show that the hybridization between π orbitals of B, N and C atoms determines the energy gap together with the quantum confinement effect. The states close to Fermi level E F are found strongly localized around the C-doped region.
The calculations were performed with spin-unrestricted density functional theory as implemented in the SIESTA code. 25 The norm-conserving Troullier-Martins pseudopotentials were used to model the interaction between ionic cores and valence electrons and double-ζ basis set plus polarization orbitals were employed to construct the valence orbitals. The exchange-correlation functional was described with Perdew-Burke-Ernzerhof approximation.
A The stability of QDs is estimated from the formation energy which can be expressed as
where E tot is the total energy of QDs and µ BN and µ For pure h-BN sheet, our calculated energy gap is 4.57 eV comparable to 4.61 eV reported from calculations with plane wave basis. 26 After pairs of B and N were substituted by C, the energy gap is reduced. Fig. 3 depicts the change in energy gap for various values of d.
When increasing the QDs size, the energy gap reduces from 3.57 eV to 1.64 eV. In isolated graphene flakes terminated with H atoms, the gap change with size is mainly determined by quantum confinement effect since H atom only has one s electron forming sp 2 σ bonds far away from the Fermi level. This is similar to the QDs from graphane except the sp 3 σ bonds are formed instead. When the QDs are surrounded by B and N atoms in the present study, the situation is different. In addition to the confinement effect, the 2p electrons of B and N will form π bonding near the Fermi level with 2p electrons of C. We can see this point based on the DOS analysis.
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